Abstract The main aim of the work was the fabrication of novel silver releasing nanocomposite scaffolds, for bone treatment, by the gas foaming/particulate-leaching technique. Silver doped bioactive glass nanoparticles were used as a filler, to provide the scaffolds with bioactivity, as well as anti-bacterial properties. Nanocomposite scaffolds containing 0, 20 and 40 wt% glass contents were prepared and coded as PAg0, PAg20 and PAg40, respectively. The scaffolds were characterized by SEM/EDXA, FTIR and TGA. Examination of SEM microphotographs showed that, the produced scaffolds had well interconnected structures. For PAg0, PAg20 and PAg40, the maximum pore sizes were about 250, 150 and 100 lm, respectively, while their porosities % were 92%, 89% and 83%, respectively. Degradation studies were carried out, by incubating the scaffolds in simulated body fluid, for a month. Results revealed the possibility to modulate and improve the degradation of the scaffolds by increasing their glass contents. The final weight losses measured for PAg0, PAg20 and PAg40 were 12.76%, 14.61% and 17.42%, respectively. On the other hand, the highest water absorption values recorded for those scaffolds were 61.89%, 240.36% and 270.87%, respectively, indicating that, the addition of glass nanoparticles to the scaffolds improved their water absorption abilities. Both PAg20 and PAg40 induced an apatite layer on their surfaces, had
Introduction
The fabrication of advanced nanostructure materials or nanocomposite scaffolds, for bone engineering with controlled antibacterial properties, is very essential for patients receiving implants due to severe bone infection. Ideally, the implant should have the ability to regenerate bone tissue and treat the infection by delivering an antibacterial agent in a controlled manner. The localized release of an anti-bacterial agent at the surgical site, after removing the necrotic tissue, could provide a targeted treatment for the infection. Recently, silver doped bioactive glass nanoparticles were prepared and characterized. They showed an inhibitory effect towards different types of bacterial [6] . Therefore, using those glass nanoparticles as a filler into a polymeric matrix, was carried out in this work to produce advanced nanocomposite scaffolds with an antibacterial properties, as well as bioactivity. The novel nanocomposite scaffolds would have the ability to induce an apatite layer on their surfaces due to the glass presence, and hence integrate well with bone, and while they degrade, the released silver ions could act as an inhibitor agent against bacterial growth and spreading. Silver ions has a well documented anti-bacterial effect as recently shown by different studies [1, 7, 15, 23] .
The success of a technique, in providing a scaffold useful for tissue engineering, depends on its ability to produce a highly porous and well interconnected structure that facilitates cell infiltration, proliferation, differentiation, and finally leading to the generation of new bone tissue [16] [17] [18] . In addition, the fabricated scaffolds should have a controlled degradation rate. Recently, a highly porous polymeric scaffolds consisting of poly (D,L-lactic-co-glycolic acid) or poly (L-lactic acid) with a well interconnected and homogeneous porous structure were prepared by the gas foaming/salt-leaching method [8, 20, 21] . This technique was based on using an effervescent salt as a gas foaming agent. Sieved sodium or ammonium bicarbonate salt particles dispersed within a polymer-solvent mixture can generate carbon dioxide or ammonia within the solidifying matrix upon contact with hot water or aqueous acidic solution. The evolution of ammonia or carbon dioxide gases, as well as the leaching out of salt particulates from the solidifying polymer matrix was found to produce macroporous scaffolds with pores ranging from 200 to 100 lm with no visible surface skin layer, which permits sufficient cell seeding within the scaffolds [8, 20, 21] . The gas foaming/salt-leaching method was further improved by the immersing of the semi-solidified polymer-salt mixture into an aqueous solution of citric acid [28] . The acid-base reaction between citric acid and sodium bicarbonate produced carbon dioxide upon contact with aqueous solution. However, the introduction of silver doped bioactive glass nanoparticles into the scaffolds, to provide them with antibacterial and bioactive properties, could influence the gas foaming process and prevent the proper expansion of the generated gasses, which could in turn lead to the production of nanocomposite scaffolds with lower porosities%, as well as bad interconnectivity. Therefore, the main aim of the presented work was to explore the possibility to use the same technique to produce a highly porous and well interconnected nanocomposite scaffolds for bone engineering, that have the ability to release silver in a controlled and continuous manner, and could prevent bacteria from invading the surgical site, and causing severe complications. The effect of glass nanoparticles content on the degradation, the in vitro bioactivity, porosity% and the anti-bacterial properties of the scaffolds were also evaluated.
Material and methods

Materials
Tetraethyl orthosilicate (TEOS), calcium nitrate tetrahydrate Ca(NO) 3 AE4H 2 O, silver nitrate AgNO 3 and triethyl phosphate (TEP) were all P98% and were purchased from Fluka (Buchs, Switzerland). Ammonia solution, 33%, and nitric acid, 68%, were purchased from Merck, USA. Poly (L-lactide) (M. Wt of 152.000) was obtained from Fluka, USA. Chloroform was obtained from Acros (Acros Organics, Belgium). Both nitric acid and ammonia solutions were diluted to 2 M using distilled water.
Methods
Sol-gel synthesis of silver doped bioactive glass nanoparticles
Bioactive glass nanoparticles containing 10 wt% of Ag 2 O were synthesized through a modified sol-gel technique [4, 6] . In our experiments, the formation of the gel was conducted into a conventional ultrasonic bath to prevent the formation of a bulk gel. Table 1 lists the nominal composition of the prepared glass nanoparticles. Briefly, tetraethyl orthosilicate, distilled water, 2 M nitric acid (as a hydrolysis catalyst), were successively mixed in ethanol and the mixture was allowed to react for 60 min under continuous magnetic stirring for the acid hydrolysis of TEOS. Then appropriate amounts of a series of reagents were added in the following sequence: (TEP), Ca(NO 3 ) 2 AE4H 2 O, AgNO 3 , allowing 30 min for each reagent to react completely. After the final addition, mixing was continued for 60 min to allow for the completion of hydrolysis. The mixture was then moved into a conventional ultrasonic bath (working at a frequency of 50-60 kHz, 100/200 W), and 2 M ammonia solution (a gelation catalyst) was dropped into Table 1 Lists the nominal composition of the 0070repared glass nanoparticles. the mixture while being vigorously agitated with a mechanical stirrer. Gelation of the mixture took place in a few minutes. The combination of an ultrasonic vibration and a mechanical agitation of the mixture during gelation was conducted to prevent the formation of a bulk gel. Finally, the prepared gel was dried at 75°C for 2 days in a drying oven. According to the previous results obtained from the thermal analysis of the dry gel [6] , which showed that no further weight loss above 700°C, the gel was stabilized by heat treatment, at a constant heating rate of 3°C/min up to 700°C.
Preparation of the neat polymer and nanocomposite scaffolds
The neat polymer scaffold and nanocomposite scaffolds were prepared by the gas foaming/particulate-leaching method [8, 20, 21, 28] . Briefly, the neat polymer scaffold (PAg0) was prepared by dissolving poly (L-lactide) in chloroform to form a polymer solution of concentration 10 wt% (wt/v), and then ethanol was added to the polymer solution to form a gel. Sieved sodium bicarbonate salt particles of size 125-200 lm were added to the gel and mixed homogeneously by a spatula to form a paste. The weight ratio of sodium bicarbonate to polymer was adjusted at 1:6. Teflon mold having dimensions of 10 mm in diameter and 2 mm in thickness was used. The paste of polymer/salt mixture was introduced into the mold and left to dry at room temperature to obtain a semi-solidified mass. This mass was then immersed into an aqueous citric acid solution at room temperature to induce gas foaming, as well as salt particles leaching. Finally, after the completion of the effervescence, the porous polymeric scaffold was taken out of the mold, washed with distilled water several times and left to dry at room temperature.
The nanocomposite scaffolds containing 20 and 40 wt% of silver doped glass nanoparticles were also prepared by the same method, where the glass nanoparticles were added with sodium bicarbonate particles to the polymer gel, and mixed homogenously by a spatula to form a paste. They were donated as PAg20 and PAg40, respectively. The glass content in each scaffold was calculated according to Eq. (1).
Glass content ðwt%Þ ¼ ½Wg=ðWg þ WpÞ Â 100 ð1Þ
Where Wg and Wp are the weights of the glass nanoparticles and the polymer components, respectively. Table 2 gives the scaffold codes and their glass contents.
Characterization of scaffolds
The morphology and the porous structure of the scaffolds, as well as their elemental compositions, were analyzed with Scanning Electron Microscopy coupled with Energy-Dispersive Spectroscopy, SEM/EDXA (JEOL JXA-840A, Electron probe micro-analyzer, Japan) at 15 kV. The scaffolds were cut with a razor blade and coated with carbon. Thermogravimetric analysis (TGA) were performed for the fabricated scaffolds using a computerized 7 series USA Perkin Elmer thermal analysis system. Scans were performed in an air atmosphere at a temperature range of 50-500°C, at a rate of 10°C/min using aluminum oxide powder as a reference. The Fourier-Transform Infrared spectra, (FTIR) of the prepared scaffolds were obtained using the FT/IR-6100 type A machine (The Netherlands) in the range of 400-2000 cm
À1
. The porosity% of the scaffolds was measured by the mercury intrusion porosimetry technique (19321, Micrometric, USA).
Degradation studies
A simulated body fluid (SBF) was used as a medium for the scaffold degradation. The SBF had a composition and an ionic concentration almost equal to the human plasma. The inorganic ion concentrations in SBF were: Na + 142.0 mM, K + 5.0 mM, Ca 2+ 2.5 mM, Mg 2+ 1.5 mM, Cl À 148.0 mM, HCO 3 À 4.2 mM, HPO 4 2À 1.0 mM, SO 4 2À 0.5 mM). The solution was buffered at pH 7.4 with tris(hydroxymethyl) aminomethane and 1 M HCl at 37°C [14] . Each scaffold was placed into a vessel containing 50 mL medium and incubated under 37°C, at pH 7.4, for periods up to 30 days. At predetermined time periods, they were removed from the solution, and weighed wet after surface wiping, with an electronic balance to obtain the corresponding wet weight (W wet ). The dried weight (W dry ) of the samples was measured after drying the wet samples at 60°C for 24 h in an oven and, further, at room temperature for 48 h in a vacuum chamber. The water-binding capacity (Ws%) was calculated according to the following equation:
The scaffolds degradation was determined as the weight loss percentage, (WL%), based on the difference between the initial and the dried weights of each sample divided by its initial weight and expressed in percentage, which was calculated according to the following formula:
Moreover, at selected intervals, the concentrations of silver and silica ions, released from the scaffolds, into the SBF were measured using an inductively coupled plasma atomic emission spectrometer (SPS-1500 VR, Seiko Instruments Inc., Tokyo, Japan).
Determination of silver releasing profiles and rates from the nanocomposite scaffolds
According to our previous study, which showed that, the silver releasing profile from glass nanoparticles was a diffusion control mechanism, and was perfectly fitted to the square root of time model [6] , which is represented by the following equation
where Q is the cumulative ion concentration released in aqueous solution, t is the leaching time in hour, and k is the dissolution rate constant.
However, in this study, the glass nanoparticles were used as a filler in the scaffolds, and they were coated with the poly(L-lactide), and hence the mechanism of the extraction of silver ions from the glass nanoparticles into the SBF might not follow the square root of time model, therefore, the cumulative silver ions concentration was plotted against the square root of time, and a linear regression analysis of the dissolution data was carried out, a straight line was fitted through the data. The slope of that line gave the rate of silver ion dissolution from the scaffolds. In addition, the correlation coefficient (R 2 ) of the cumulative ions concentration released versus the square root of time was determined.
In vitro bioactivity evaluation
The in vitro bioactivity of the scaffolds was assessed by investigating the formation of an apatite layer on their surfaces during immersion in the simulated body fluid (SBF) under normal physiological conditions [14] . Nanocomposite scaffolds were soaked in SBF (pH 7.4), at 37°C, for 4 weeks. The formation of an apatite layer on their surfaces was verified by scanning electron microscopy coupled with energy-dispersive spectroscopy (SEM/EDXA) (JEOL JXA-840A, Electron probe micro-analyzer, Japan), and thin-film X-ray analysis (TF-XRD) (Panalytical, X'Pert Pro, The Netherlands), employing Ni-filtered Cu Ka irradiation at 45 kV and 40 mA.
Microbiological analysis
Inhibition of bacterial growth by the silver releasing nanocomposite scaffolds was investigated using a disk diffusion methodology (BSAC Disk Diffusion Method for Antimicrobial Susceptibility Testing, Version 4, 2005) . Isosensitest agar (Oxoid, Basingstoke, UK) plates were inoculated with a standardized culture of Staphylococcus aureus (ATCC 25923). Nanocomposite scaffolds were then placed onto the inoculated plates. Those plates were then incubated overnight in air at 37°C. The diameters of any inhibition zones, that had been formed around the scaffolds, were then examined after 24 h.
Statistics analysis
Throughout this work, all data were expressed as the means ± standard deviation (SD) for n = 3 and were analyzed using standard analysis of student's t-test. The level of significance is set at p < 0.05.
Results
3.1.
Characterization of silver releasing nanocomposite scaffolds 3.1.1. SEM examination Fig. 1 shows the SEM micrographs of the neat polymer (PAg0) and nanocomposite scaffolds (PAg20 and PAg40), where their interconnected porous structures can be clearly observed. For the neat polymer scaffold (PAg0), the maximum pore size was about 250 lm. On the other hand, the maximum pore sizes of Figure 1 The SEM micrographs of the neat polymer (PAg0) and nanocomposite scaffolds (PAg20 and PAg40), where their interconnected porous structures can be clearly observed.
nanocomposite scaffolds PAg20 and PAg40 were reduced to 150 and 100 lm, respectively, due to the presence of glass nanoparticles. Moreover, the figure includes their EDX analyses. For PAg0, the analysis showed carbon and oxygen peaks, while those carried out for both nanocomposite scaffolds PAg20 and PAg40 showed silica, calcium, phosphorous and silver peaks, which indicate the presence of silver doped bioactive glass nanoparticles as filler. Also, the intensity of those peaks has been increased for the PAg40 sample indicating the presence of higher glass content. Fig. 2 shows the FTIR spectra of nanocomposite scaffolds (PAg20 and PAg40). All the characteristic peaks, previously reported for the poly (L-lactide), were located in their FTIR spectrum [4, 5] . A peak was observed in the range of 1600-1750 cm
Chemical analysis by FTIR
À1
, which was assigned to the C‚O group vibration. A small peak was noticed at 1464 cm À1 ascribing to CH 3 bending mode. Another peak was observed at about 1450 cm À1 , and was attributed to CAH stretching for the methyl groups. Also, two peaks were located at 1147 and 1043 cm À1 and were assigned to the CAO and CACH 3 stretching vibrations, respectively. In addition, the FTIR spectra of nanocomposite scaffolds showed all the characteristics peaks of bioactive glass as reported elsewhere [2, 6, 27] . They are: the band located in the range of 1000-1200 cm À1 corresponds to SiAOASi asymmetric stretching vibration, the band observed in the range of 725-800 cm À1 was assigned to the SiAOASi symmetric stretching vibration, the band observed at 878 cm À1 was assigned to the SiAO À with two non-bridging oxygen per SiO 4 tetrahedron.
Thermal analysis
The thermogravimetric analysis (TGA) of the neat polymer scaffold (PAg0) and the composite scaffolds (PAg20 and PAg40) are shown in Fig. 3 . The results showed that the thermal decomposition of PAg0 started at 280°C and continued up to 360°C recorded a total weight loss of about 99.67%. On the other hand, the thermal decomposition of composite scaffolds occurred in the range of 270-370°C and the total weight losses recorded for those samples were 79.11% and 60.34%, respectively. Based on TGA data, the contents of glass filler in the nanocomposite samples were 20.56% and 39.33% for PAg20 and PAg40, respectively, which were similar to their theoretical glass contents (20 and 40 wt%, respectively).
Measurement of the porosity% of the scaffolds
The porosity% of the neat polymer and nanocomposite scaffolds was measured by using the mercury intrusion porosimetry technique. All the scaffolds had high porosities%. Their values were 92%, 89% and 83%, for PAg0, PAg20 and PAg40, respectively. Fig. 4 shows a comparison between the glass contents of the scaffolds and their porosities%. It was noticed that as the glass content increased in the scaffolds, their porosities% decreased considerably. Other studies reported the same conclusion [4, 5, 19] . The results showed that the weight losses of PAg20 and PAg40 were significantly increased with time of soaking up to 14 days, then afterword decreased, which might be due to the precipitation of an apatite layer on their surfaces. Moreover, PAg40 had higher weight loss than PAg20 at all time periods indicating that the glass content had greatly influenced the degradation rate of the nanocomposite scaffolds. On the other hand, PAg0 showed the lowest weight loss during the whole degradation periods. Comparing the weight losses of PAg20 and PAg40 with that of PAg0 indicated that the addition of glass nanoparticles improved and accelerated the degradation processes of the scaffolds, which was due to glass particles dissolution as reported previously [4, 5] . The final weight losses were 12.76%, 14.61%, and 17.42% for PAg0, PAg20 and PAg40, respectively. Fig. 6 shows the percentages of water absorption of PAg0, PAg20 and PAg40 versus incubation time. The examined figure revealed that the highest water absorption was observed for PAg20 and PAg40 at 14 days, and then their water uptakes were decreased after that till the end of the incubation period. The highest water uptake for PAg20 and PAg40 were 240.36 and 270.87, respectively. From the figure, one can notice that both nanocomposites significantly absorbed more water than the neat polymer scaffold at all time periods, indicating that the presence of bioactive glass nanoparticles in the scaffolds significantly improved their water absorption ability, which was consistent with the results obtained by others [4, 10] .
Water absorption
Determination of the cumulative silica ions concentration
The cumulative silica ion concentrations released from the nanocomposites into the SBF, were measured at different time periods, as an indication of the glass particles dissolution from those scaffolds, and are shown by Fig. 7 . The results indicated that PAg40 significantly released more silica into the SBF than PAg20 throughout the whole incubation period. This could be explained by the higher glass particles leaching from PAg40 than from PAg20. Therefore, an increased weight loss was observed for PAg40 than that for PAg20 throughout the whole incubation period (see Fig. 5 ). Fig. 9 shows the cumulative silver releasing profiles from the same scaffolds as a function of the square root of time. It was noticed that the nanocomposite scaffold containing higher content of glass nanoparticles (PAg40) significantly released more silver ions than that containing less content of glass nanoparticles (PAg20), at all time periods, which indicated that, silver releasing profiles from the nanocomposite scaffolds depend greatly on their glass content. In addition, silver releasing rates were also correlated to the glass content in the scaffolds. As the glass content was increased in the nanocomposite scaffolds up to 40 wt%, the rate of the silver released was significantly increased. The released rates of silver from samples PAg20 and PAg40 were 0.119 and 0.147 (mg/L) h
À1
, respectively, and the calculated correlation coefficients, R 2 , of the cumulative silver released from those samples versus the square root of time were 0.963 and 0.979, respectively. The high values of the correlation coefficient indicated that silver releasing data were varied with the square root of time. Therefore, the extraction of silver ions from the scaffolds was a diffusion-controlled mechanism.
3.3. In vitro bioactivity evaluation 3.3.1. SEM Fig. 10 shows the SEM micrographs of the surfaces of the neat polymer and nanocomposite scaffolds after immersion in the simulated body fluid (SBF) for a month. As seen from the figure, PAg0 was not able to induce an apatite layer on its surface. The EDX analysis of its surface showed no sign of apatite formation as shown from Fig. 10 . On the other hand, a very thick layer consisting of spherical particles was completely covering the surfaces of nanocomposite scaffolds Figure 9 The cumulative silver releasing profiles from the same scaffolds as function of the square root of time. Figure 10 The SEM micrographs of the surfaces of the neat polymer and nanocomposite scaffolds after immersion in the simulated body fluid (SBF) for a month.
(PAg20 and PAg40). The EDX analysis of those particles, showed calcium and phosphorous peaks (see Fig. 10 ) with a Ca/P ratio of 1.45 and 1.49 for PAg20 and PAg40, respectively, which were very close to that of the natural apatite in bone.
Phase identification by TF-XRD
The formation of an apatite layer on the surfaces of nanocomposite scaffolds was further confirmed by using the thin-film X-ray analysis (TF-XRD). Fig. 11 shows the TF-XRD patterns of the surfaces of the nanocomposite scaffolds (PAg20 and PAg40) after immersion in SBF for 2 and 4 weeks. Two sharp peaks at 2h values of 16.63 and 18.86 were observed in the TF-XRD patterns of the nanocomposite scaffolds. They correspond to the d-spacing values of 5.34 and 4.67 Å , respectively, of the crystalline poly(L-lactide), as previously reported [4, 5, 29] . In addition, the typical diffraction pattern of a crystalline apatite could be noticed in the TF-XRD patterns of the nanocomposite scaffolds, PAg20 and PAg40, at 2 and 4 weeks. Fig. 12 shows an agar plate containing the neat polymer (PAg0) and nanocomposite scaffolds (PAg20 and PAg40). The figure clearly showed that, the bacteria were inhibited to grow around both nanocomposite scaffolds, while they were proliferated around the neat polymer scaffold. Moreover, the figure demonstrated that the inhibition zone around the PAg40 in the agar plate was more than that formed around PAg20 after 24 h. This means that, there was a correlation between the antibacterial properties of the nanocomposite scaffolds and their glass contents. As the glass content in the nanocomposite scaffolds was increased, the inhibition zone became larger in size. This could be attributed to that nanocomposite scaffold with higher glass content (PAg40) was able to release significantly more silver ions than that with a lower glass content (PAg20) as shown in Fig. 8 .
Microbiological analysis
Discussion
A highly porous neat polymer and nanocomposite scaffolds with well interconnected structures were successively prepared in this study by the gas foaming/salt-leaching method. The evolution of carbon dioxide gas, as well as the leaching out of salt particles, produced macroporous scaffolds with pore sizes ranging from 250 to 100 lm. It is well known that the porosity% and pore sizes of the scaffold, fabricated by gas foaming/particulate-leaching method, depend on the extent of gas generated and expanded throughout the scaffold matrix [21, 28] . The more vigorous gas evolution and expansion during the gas foaming process, the higher the porosity% and the greater the pore sizes of the scaffold. The addition of silver doped glass nanoparticles to the scaffolds caused a decrease in their porosities%, as well as their maximum pore sizes Figure 11 The TF-XRD patterns of the surfaces of nanocomposite scaffolds (PAg20 and PAg40) after immersion in SBF for 2 and 4 weeks. Figure 12 An agar plate containing the neat polymer (PAg0) and nanocomposite scaffolds (PAg20 and PAg40). The figure clearly showed that, the bacteria were inhibited to grow around both nanocomposite scaffolds, while they were proliferated around the neat polymer scaffold.
(see Figs. 1 and 4) . This is due to that, the presence of glass nanoparticles in the polymer matrix could hinder the proper expansion of the generated gas through the matrix, leading to the noticed decrease in the porosity% and maximum pore sizes of the nanocomposite scaffolds. Moreover, increasing the glass content from 20 to 40 wt%, while the weight ratio of sodium bicarbonate to polymer was kept constant, caused a further decrease in their porosities% and their maximum pore sizes (see Figs. 1 and 4) . This is because a higher glass content will further prevent the evolving gas from expanding well throughout the scaffold matrix.
The in vitro degradation studies were carried out in this study to evaluate the possibility to modulate the degradation rate of the scaffolds, by using different glass contents, in order to reach the optimal degradation rate suitable for bone engineering. The results showed that the incorporation of glass nanoparticles into the scaffolds could modify and improve their degradation mechanism. The nanocomposite scaffolds (PAg20 and PAg40) had significantly higher weight losses than the neat polymer scaffold (PAg0) (see Fig. 5 ). This might mainly be the result of the glass particle's dissolution as suggested by others [4, 5] , which could create voids within the scaffolds, thus exposing their surfaces to hydrolytic attack, and weakening the overall structure, and hence leading to higher weight losses than neat polymer scaffold. The results revealed also that the glass content influenced the degradation rate of the nanocomposite scaffolds. Scaffolds with higher glass content had higher weight losses than those with lower glass content. This could be explained by the increased glass particles leaching out of the scaffolds containing higher glass content as previously reported [4, 5] .
To confirm that the observed increase in the weight loss for PAg40, as compared to PAg20, was due to the glass dissolution, cumulative silica ion concentrations released from both nanocomposites into the SBF, were measured at different time periods, as an indication of the glass particles dissolution from those scaffolds. The results indicated that, PAg40 significantly released more silica into the SBF than the PAg20 throughout the whole incubation period (see Fig. 7 ).
The water absorption ability of the nanocomposite scaffolds was greatly enhanced by the addition of glass nanoparticles (see Fig. 6 ), which was consistent with the results obtained by others [4, 10] . This could be attributed to the glass reactivity in aqueous media. It has been previously shown that, when bioactive glass particles were subjected to hydrolysis, they form SiOH groups on their surfaces [9] . Those groups could form hydrogen bonding with water molecules, causing the observed increase in water uptake by the scaffolds.
The localized release of an anti-bacterial agent from the implant, after the constructive surgery, could prevent bacteria from invading the surgical site, and causing severe complications. Therefore, silver doped bioactive glass nanoparticles were used in this work as a filler, to provide the nanocomposite scaffolds with antibacterial properties. As they degrade, the released silver ions acted as an inhibitor agent against bacterial growth. In addition, it was found that the extraction of silver ions from the scaffolds depend on their glass contents, and was a diffusion-controlled mechanism, that varied with the square root of time. Accordingly, its releasing rate could be exactly predicted, and could be modulated by using different glass contents in the scaffolds. This indicated the possibility to engineer scaffolds with specific and controlled silver dissolution rates that fit the patient needs by manipulating their glass contents.
The ability of a material to form an apatite layer on its surface in simulated body fluid (SBF) is considered as an indication of its bioactivity, and its potential ability to integrate well with bone in vivo [3, 13, 24] . The novel nanocomposite scaffolds were able to induce an apatite layer on their surfaces during the immersion in the simulated body fluid (SBF), demonstrating their potential application in bone engineering. The formation of the hydroxyapatite layer on their surfaces could be explained by the hydrolysis of ester bonds of the polymer, and the formation of carboxylate groups. Those reactive groups have the ability to attract silica ions released from the scaffolds due to the dissolution of the glass particles. Those ions could, in turn, act as nucleation sites for calcium and phosphorus ions, leading to the formation of hydroxyapatite layer on the surfaces of the composite scaffolds [4, 5, 11, 12] . In addition, bioactive glass nanoparticles had a positive role in the formation of hydroxyapatite layer on the surfaces of the scaffolds. Other studies proposed a complex 5-stage process explaining this role [22, 25, 26] . They will be mentioned here briefly: (1) exchange of the network modifier calcium with protons, (2) dissolution of soluble silica at the glass solution interface, (3) condensation and repolymerization of an SiO 2 -rich layer on the surface, (4) migration of Ca 2+ and PO 4 3À groups to the surface to form a CaOAP 2 O 5 -rich film and (5) growth and crystallization of the amorphous CaOAP 2 O 5 -rich film to form an apatite layer.
Conclusion
The fabrication of novel silver releasing nanocomposite scaffolds based on poly(L-lactide) by the gas foaming/saltleaching method was carried out. Silver doped bioactive glass nanoparticles containing 10 wt% sliver oxide were used as a filler to provide the scaffolds with an antibacterial properties. A neat polymer scaffold (PAg0), and two nanocomposite scaffolds containing 20 and 40 wt% glass content, were prepared and named PAg20 and PAg40, respectively. Results of degradation studies revealed the possibility to modulate and improve the degradation of the scaffolds by increasing their glass contents. Both PAg20 and PAg40 induced an apatite layer on their surfaces, had anti-bacterial effect in agar plates, and their silver releasing profiles followed a diffusioncontrolled mechanism. Therefore they could be used for bone treatment.
